Introduction 40
Traditionally, giraffe were classified as a single species (Giraffa camelopardalis) with up to 41 eleven subspecies proposed (Lydekker, 1904) . However until recently, the classification into 42 nine subspecies was most widely accepted (Dagg & Foster, 1976) . It has been shown that in 43 captivity some giraffe subspecies hybridize (Gray, 1972; Lackey, 2011; Lönnig, 2011) , which 44 seemed to supported the traditional single species concept for giraffe. However, multi-locus 45 analyses of wild giraffe nuclear loci identified four monophyletic, distinct and evolutionary old 46 groups of giraffe that should be recognized as four distinct species . This 47 finding conflicts with former classifications and has been questioned based on the limited 48 interpretation of traditional data e.g. pelage pattern, number of ossicones and geographic 49 distribution (Bercovitch et al., 2017) . The initial findings of four giraffe species (Fennessy et 50 al., 2016) could better be criticized, because it did not involve explicit gene flow analyses. 51
Imperative to understanding speciation in general from a genetic perspective is gene flow 52 analyses, especially as the keystone of the biological species concept (BSC) is reproductive 53 isolation (Coyne & Orr, 2004) . The BSC implies that there is no or only very limited gene flow 54 between species. It has been proposed that one or a limited number of effective migrants (up 55 to 10) per generation (Nem) avoids genetic differentiation of populations and escapes a 56 substantial loss of genetic diversity for neutral traits (Lacy, 1987; Mills & Allendorf, 1996 ; 57
Vucetich & Waite, 2000; Wright, 1969) . Thus, it is a conservative estimate that limited gene 58 flow of less than one migrant per generation (Nem < 1) can lead to speciation, despite the 59 occurrence of hybridization between mammal species. As shown, the BSC might need to be 60 revised as some species naturally hybridize in the wild and produce fertile offspring e.g. bears 61 Table 1 ). 69
70

Materials and Methods 71
Sampling and DNA Extraction 72
Tissue samples from all giraffe species and five subspecies were collected by the Giraffe 73 Conservation Foundation (GCF) and partners using remote biopsy darts with country-specific 74 
Amplification and sequencing 87
We PCR amplified and sequenced the seven intron markers previously published (Fennessy et 88 al., 2016) for 32 new individuals and developed 14 additional intron markers as described 89 . The 14 new intron markers were amplified and sequenced for a total 90 number of 137 individual giraffe and the okapi (Okapia johnstoni). PCRs were performed with 91 10 ng genomic DNA giraffe and okapi specific primers (see Supplementary Table 2 for primer 92 sequences and PCR conditions). We also amplified and sequenced the mitochondrial 93 cytochrome b and control region for all new individuals as described previously (Bock et al., 94 2014) . Each PCR was examined using agarose gel electrophoresis on a 1% agarose gel with 95 ethidium bromide. 96
Sanger sequencing was performed for the forward and reverse strand using the BigDye 97 terminator sequencing kit 3.1 (Applied Biosystems) with 5 ng of PCR product for each reaction 98 and analyzed on an ABI 3730 DNA Analyzer. 99
The sequences were manually edited and aligned in Geneious v.6.1.8 (Kearse et al., 2012) . 100
Heterozygous insertions/deletions of nuclear sequences were resolved by hand or using 101 Indelligent v.1.2 (Dmitriev & Rakitov, 2008 ) and verified by allele-specific primers if necessary. 102 PHASE implemented in DnaSP v.5.10.01 (Librado & Rozas, 2009 ) was used to derive the allele 103 haplotypes of the nuclear sequences using a threshold of 0.6 and allowing for recombination. 104
All analyses, except of a mtDNA tree analysis, were performed using only nuclear allele 105 haplotype data. 106
107
Tree Analyses 109
The mitochondrial cytochrome b and control region sequences of 217 giraffe including newly 110 generated as well as already published sequences (Bock et Fig. 2 ). These four clusters conform with the four 213 giraffe clades identified by tree analyses. Intriguingly, STRUCTURE also identifies three 214 potential hybrids between the northern and reticulated giraffe within the reticulated giraffe 215 clade (Fig 2a, Fig 2b) . The distinctness of four unique giraffe clades is in addition supported by 216
Principal Component Analyses (PCAs) (Fig. 2c ) with significant non-overlapping 95% 217 confidential intervals. PCAs using groups of the seven mtDNA clades do not find more than 218 four distinct clusters (Supplementary Fig. 3 ). Finally, pairwise fixation indices (Fst) of ≥ 0.237 219 (statistically significant at p < 0.001) are consistent with the four distinct clusters of giraffe in 220 the tree analyses (Supplementary Table 3) . 221
Separate PCAs and STRUCTURE analyses for each species ( Supplementary Fig. 4-7) indicate 222 population substructure within northern giraffe, and potentially in the Masai giraffe, but nofurther population substructure in southern and reticulated giraffe. Within northern giraffe 224 STRUCTURE and PCAs up to four clusters can be identified. However, the sample sizes of some 225 Table 4) . (Fig. 1) . 311
Yet, even among the closely related and neighboring northern and reticulated giraffe lower 312 gene flow rates than < 1 Nem are observed, which is consistent with being genetically 313 differentiated species. In addition, among all 137 individuals from a wide geographic 314 distribution, only one natural hybrid has been genetically identified yet. The rare occurrence 315 of hybrids further supports the existence of four giraffe species. Within the northern giraffe some substructure is evident in PCAs and STRUCUTURE analyses 348 for nuclear sequences (Supplementary Fig. 6 ). However, the West African giraffe is a 349 geographically very isolated and small population of ~600 individuals. As described (Fennessy 350 et al., 2016) , the geographic distinction between the former Nubian and Kordofan giraffe is 351 unclear and current data suggest that they are not genetically isolated. 352
Multi locus phylogenies, population genetic and gene flow analyses support the hypothesis of 353 four genetically distinct giraffe species . The molecular data show that 354 there is only very limited gene flow between the four species, which is in agreement with the 355
BSC. 356
With little more than 5,000 northern giraffe, <8,700 reticulated giraffe and ~34,000 Masai 357 giraffe remaining in the wild (Giraffe Conservation Foundation, 2017), recognizing these -and 358 the southern giraffe -as separate species has an impact on giraffe conservation. Their decline 359 in numbers over the last thirty years (three generations) -northern giraffe (~95 %), reticulatedgiraffe (~80%) and Masai giraffe (~52 %), highlight that these species are threatened with 361 extinction (IUCN, 2017) . Giraffe, as a single species, and not four, were recently listed as 362 "Vulnerable" on the IUCN Red List (Muller et al., 2016 resolved groups and is supported as best fitting number of clusters by several statistical 571 methods (see Supplementary Fig. 2 ). The grouping into four clusters is consistent with the 572
Bayesian multi-locus analysis: yellow: northern giraffe, orange: reticulated giraffe, green: 573
Masai giraffe, and blue: southern giraffe. Three individuals within the reticulated giraffe 574 cluster (red arrowheads) indicate potential hybridization with admixture from the northern 575 giraffe. K = 3 merges northern and reticulated giraffe, and at K ≥ 5 no further clustering is 576 evident. connecting one species to another. The color coding of the four species is according to the 592 STRUCTURE clusters (Fig 2b) . Peripheral concentric stack bars show relative migration rates in 593 percent. Whereas the inner stack bar shows the outgoing ribbon sizes, the middle stack bar 594 the incoming ribbon sizes and the outer stack bar the combination of both. 595
